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Description 



[FILM REMOVING EQUIPMENT, ERASING 
DEVICE AND METHOD OF FABRICATING 
ORGANIC ELECTRO-LUMINESCENT 
DEVICE] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93104549, filed February 24, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a film removing equip- 
ment and a method of fabricating a light emitting device. 
More particularly, the present invention relates to a film 
removing equipment, an erasing device and a method of 
fabricating an organic light emitting device (OLED). 

[0004] Description of the Related Art 

[0005] Organic electro-luminescent devices (OELD) are a kind of 



self-emitting displays fabricated using an organic func- 
tional material. According to the molecular weight of the 
organic functional material, organic electro-luminescent 
devices can be divided into a small molecule OELD 
(SM-OELD) and a polymer light emitting device (PLED). 
Both types of light emitting devices are constructed by 
sandwiching an organic functional material layer between 
a pair of electrodes. When a D.C. bias is applied between 
the electrodes, holes are injected from the anode into the 
organic material layer while electrons are injected from 
the cathode into the organic material layer. Due to the po- 
tential created by an external bias, the holes and electrons 
migrating into the organic functional layer will recombine. 
Some of the energy released in hole/electron recombina- 
tion excites some of the molecules within the organic 
functional layer to a singly excited state. When a singly 
excited molecule returns to the ground state, a certain 
portion of the energy is released as photons in the visible 
frequency range. This is the principle behind the genera- 
tion of light in an organic electro-luminescent device. 
[0006] To produce organic electro-luminescent devices en-mass, 
a relatively large piece of uncut substrate is selected. The 
substrate is partitioned into a plurality of block areas and 



then an organic electro-luminescent device is fabricated 
in each block area. Thereafter, the organic electro- 
luminescent devices on the substrate are cut out in a sin- 
gulation process. In the following, a detailed description 
of the steps for fabricating an conventional organic elec- 
tro-luminescent device is provided. 

[0007] Figs. lA through ID are schematic cross-sectional views 
showing the steps for producing a conventional organic 
electro-luminescent device. As shown in Fig. lA, a sub- 
strate 100 is provided. Thereafter, an anode layer 120 is 
formed over the substrate 100. A spin-on coating process 
is performed to form an organic material layer 130 over 
the anode layer 120. 

[0008] As shown in Fig. IB, the organic material layer 130 is pat- 
terned to form a light-emitting region 100a. As shown in 
Fig. IC, a cathode layer 140 is formed over the organic 
material layer 130. As shown in Fig. ID, a molding pro- 
cess is performed so that a portion of the anode layer 
120, the organic material layer 130 and a portion of the 
cathode layer 140 can be encapsulated by a molding 
compound 150. Finally, the substrate 110 is cut to pro- 
duce a plurality of single organic electro-luminescent de- 
vices 100. 



[0009] In the aforementioned process, the organic material layer 
130 is patterned by performing a laser ablation process or 
a dry etching process. In a laser ablation process, pattern- 
ing is carried out through aiming a laser beam with an ap- 
propriate wavelength at the organic material layer 130. 
The laser beam burns away a portion of the organic mate- 
rial layer 130 on the substrate 110 directly or initiates a 
photoreaction to remove the organic material. Although 
laser ablation is an effective method of removing the or- 
ganic material layer 130, cost of the equipment is high. 
Moreover, a laser beam has a narrow irradiation area so 
that it is difficult for a laser beam to remove all the un- 
wanted organic material from an organic material layer in 
a single operation. In addition, a portion of the laser- 
irradiated organic material layer 130 may contain contam- 
inants. 

[0010] The dry etching process is performed using plasma and 
reactive gas in a vacuum environment. A mask is set up 
over the substrate 110 so that only the organic material 
exposed thereby is etched. Compared with the laser abla- 
tion process, the dry etching removes organic material 
faster and has a higher throughput. Yet, dry etching de- 
mands the production of a complicated mask and the 



purchase of expensive vacuum equipment. Furthermore, 
organic materials unsuitable for plasma processing cannot 
be etched using the plasma method. In general, both the 
laser ablation process and the dry etching process are 
constrained by the particular type of organic material to 
be removed. 
Summary of Invention 

[0011] Accordingly, at least one objective of the present inven- 
tion is to provide a film removing equipment capable of 
removing the film in a non-vacuum environment. 

[0012] At least a second objective of the present invention is to 
provide an erasing device capable of removing various 
types of organic material films. 

[0013] At least a third objective of the present invention is to 
provide a method of fabricating an organic electro- 
luminescent device for removing various types of organic 
films. 

[0014] Jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a film re- 
moving equipment for removing a film from a substrate. 
The film removing equipment comprises a base, a trans- 
mission mechanism of the erasing device, a first erasing 



device, and a positioning platform. Tlie transmission 
meclianism of tlie erasing device is set up on tlie base and 
the first erasing device is set up on the transmission 
mechanism. The positioning platform is set up on the 
base to carry the substrate. The transmission mechanism 
drives the erasing device to remove the film from the sub- 
strate. 

[0015] According to the film removing equipment of the present 
invention, the first erasing device comprises a tape supply 
module, a tape collect module and an erasing head mod- 
ule. The erasing head module is set up between the tape 
supply module and the tape collect module. The tape sup- 
ply module provides an erasing tape to the erasing head 
module and the tape collect module receives the used 
tape from the erasing head module. 

[0016] According to the film removing equipment of the present 
invention, the tape supply module further comprises a 
tape supply mechanism and a first set of idle wheels. The 
tape supply mechanism provides an erasing tape and the 
first set of idle wheels is set up between the erasing head 
module and the tape supply mechanism. In addition, the 
tape collect module further comprises a tape collect 
mechanism and a second set of idle wheels. The tape col- 



lect mechanism receives the erasing tape. The second set 
of idle wheels is set up between the erasing head module 
and the tape collect mechanism. 
[0017] According to the film removing equipment of the present 
invention, the first erasing device further comprises an 
erasing head transmission mechanism. The erasing head 
module is set up on the erasing head transmission mech- 
anism. 

[0018] According to the film removing equipment of the present 
invention, the first erasing device further comprises an 
erasing liquid supply module connected to the erasing 
head module for providing an erasing liquid to the erasing 
head module. In addition, the erasing head module has an 
erasing liquid supply pass. The erasing liquid supply 
module is connected to the erasing liquid supply pass for 
supplying erasing liquid to the erasing tape. 

[0019] According to the film removing equipment of the present 
invention, the first erasing device further comprises at 
least an optical sensor set up along the transmission 
pathway of the erasing tape. 

[0020] According to the film removing equipment of the present 
invention, the erasing tape is fabricated using dust- 
proofing cloths. 



[0021] According to the film removing equipment of the present 
invention, the positioning platform comprises a position- 
ing mechanism for positioning the substrate on the plat- 
form. 

[0022] According to the film removing equipment of the present 
invention, the equipment further comprises a positioning 
platform transmission mechanism connected to the posi- 
tioning platform for controlling the movement of the po- 
sitioning platform. 

[0023] According to the film removing equipment of the present 
invention, the equipment further comprises a second 
erasing device set up on the transmission mechanism of 
the erasing device. 

[0024] The present invention also provides an erasing device. 
The erasing device comprises a tape supply module, a 
tape collect module and an erasing head module. The 
erasing head module is set up between the tape supply 
module and the tape collect module. The tape supply 
module provides an erasing tape to the erasing head 
module and the tape collect module receives the used 
erasing tape from the erasing head module. 

[0025] According to the erasing device of the present invention, 
the tape supply module further comprises a tape supply 



mechanism and a first set of idle wlieels. The tape supply 
mechanism provides an erasing tape and the first set of 
idle wheels is set up between the erasing head module 
and the tape supply mechanism. In addition, the tape col- 
lect module further comprises a tape collect mechanism 
and a second set of idle wheels. The tape collect mecha- 
nism receives the erasing tape. The second set of idle 
wheels is set up between the erasing head module and the 
tape collect mechanism. 

[0026] According to the erasing device of the present invention, 
the erasing device further comprises an erasing head 
transmission mechanism. The erasing head module is set 
up on the erasing head transmission mechanism. 

[0027] According to the erasing device of the present invention, 
the erasing device further comprises an erasing liquid 
supply module connected to the erasing head module for 
providing an erasing liquid to the erasing head module. In 
addition, the erasing head module has an erasing liquid 
supply pass. The erasing liquid supply module is con- 
nected to the erasing liquid supply pass for supplying 
erasing liquid to the erasing tape. 

[0028] According to the film removing equipment of the present 
invention, the erasing device further comprises at least an 



optical sensor set up along the transmission pathway of 
the erasing tape. 

[0029] According to the film removing equipment of the present 
invention, the erasing tape is fabricated using dust- 
proofing cloths, for example. 

[0030] The present invention also provides a method of fabricat- 
ing an electro-luminescent device. First, a substrate is 
provided. A first electrode layer is formed over the sub- 
strate. Thereafter, an organic material layer is formed over 
the first electrode layer and a portion of the substrate. A 
portion of the organic material layer is removed by per- 
forming an erasing process using an erasing liquid so that 
a patterned organic material layer is formed. Finally, a 
second electrode layer is formed over the patterned or- 
ganic material layer. 

[0031] According to the method of fabricating the organic elec- 
tro-luminescent device of the present invention, the 
method further comprises encapsulating a portion of the 
first electrode layer, the organic material layer and a por- 
tion of the second electrode layer using a molding com- 
pound to form a plurality of organic electro-luminescent 
devices. 

[0032] According to the method of fabricating the organic elec- 



tro-luminescent device of the present invention, tlie 
metliod furtlier comprises cutting up tlie substrate to 
form a plurality of organic electro-luminescent device. 
[0033] In brief, the film removing equipment of the present in- 
vention uses an erasing method to remove films from a 
substrate. Hence, the film removing equipment can be 
used to remove various types of materials, in particular, 
the type of materials that cannot be removed by a laser 
ablation process or a dry etching process. Furthermore, 
unlike the laser ablation process and the dry etching pro- 
cess, which demands either a high vacuum or a special 
gaseous environment, the film can be removed from the 
substrate with no particular environmental pre- 
conditions. 

[0034] It is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 
Brief Description of Drawings 

[0035] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 



gether with the description, serve to explain the principles 
of the invention. 

[0036] Figs. lA through ID are schematic cross-sectional views 
showing the steps for producing a conventional organic 
electro-luminescent device. 

[0037] Fig. 2A is a front view of a film removing equipment ac- 
cording to one preferred embodiment of the present in- 
vention. 

[0038] Fig. 2B is a top view of a film removing equipment ac- 
cording to one preferred embodiment of the present in- 
vention. 

[0039] Fig. 3 shows a front view and a side view of an erasing 
device according to one preferred embodiment of the 
present invention. 

[0040] Figs. 4A through 4E are perspective views showing the 
steps for fabricating an organic electro-luminescent de- 
vice according to one preferred embodiment of the 
present invention. 
Detailed Description 

[0041] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 



drawings and the description to refer to tlie same or lilce 
parts. 

[0042] Fig. 2A is a front view of a film removing equipment ac- 
cording to one preferred embodiment of tlie present in- 
vention. Fig. 2B is a top view of a film removing equip- 
ment according to one preferred embodiment of the 
present invention. A film removing equipment 300 suit- 
able for removing a film from a substrate 200 is shown in 
Figs. 2A and 2B. The film removing equipment 300 com- 
prises a base 310, a erasing device transmission mecha- 
nism 320, a first erasing device 330, a second erasing de- 
vice 340 and a positioning platform 350. The transmis- 
sion mechanism 320 of the erasing device is set up on the 
base 310. The first erasing device 330 and the second 
erasing device 340 are set up on the transmission mecha- 
nism 320. In addition, the positioning platform 350 is set 
up on the base 310 to support the substrate (as shown in 
Fig. 2B). The transmission mechanism 320 drives the first 
erasing device 330 and the second erasing device 340 to 
remove films from the substrate 200. 

[0043] As shown in Fig. 2B, the transmission mechanism 320 of 
the erasing device further comprises an XY axis transmis- 
sion structure, for example. The second erasing device 



340 is set up in a direction perpendicular to tlie first eras- 
ing device 330. However, the present invention also per- 
mits the second erasing device 340 set at any angle rela- 
tive to the first erasing device 330. Furthermore, the posi- 
tioning platform 350 may comprise a positioning mecha- 
nism 352 for positioning the substrate 200 over the posi- 
tioning platform 350. The positioning mechanism 352 in- 
cludes a plurality of position pins 352a and a plurality of 
push pads 352b, for example. The substrate 200 leans 
against the position pins 352a and the push pads 352b. It 
should be noted that the transmission mechanism 320 of 
the erasing device is not limited to an XY axis transmis- 
sion structure. The transmission mechanism 320 is mainly 
an apparatus for driving the first erasing device 330 or the 
second erasing device 340 to any location on the sub- 
strate 200. Hence, a robotic arm or any apparatus capable 
of such transmission function is within the scope of the 
present invention. In addition, the positioning mechanism 
352 is not limited to a combination of position pins 352a 
and push pads 352b. In fact, the positioning mechanism 
352 can be a backing structure, a clamper or any structure 
capable of fastening the substrate 200. 
[0044] Through the position pins 352a and the push pads 352b, 



a rough adjustment of the positioning platform 350 is ob- 
tained. For finer adjustment, the film removing equipment 
300 may include a positioning platform transmission 
mechanism 360 connected to the positioning platform 
350 for controlling the movement of the positioning plat- 
form 350. In addition, the positioning platform transmis- 
sion mechanism 360 may incorporate an image adjust- 
ment system having a charge-coupled device (CCD) to at- 
tain a higher precision. It should be noted that the first 
erasing device 330 or the second erasing device 340 can 
be independently moved to any location inside the sub- 
strate if the positioning platform transmission mechanism 
360 and the transmission mechanism 320 of the erasing 
device are used together. 
[0045] As shown in Fig. 2B, the film removing equipment 300 
uses either the first erasing device 330 or the second 
erasing device 340 to remove the film on the substrate 
200 through wiping. Hence, the film removing equipment 
300 of the present invention can be used to remove vari- 
ous types of film materials, in particular, those film mate- 
rials that cannot be removed through a laser ablation pro- 
cess or a dry etching process. Unlike the laser ablation or 
dry etching method of removing the film from the sub- 



strate, which demands a high vacuum or special gaseous 
environment, the film removing equipment 300 can oper- 
ate in a non-vacuum environment. Thus, the film remov- 
ing equipment 300 of the present invention has a lower 
setup and maintenance cost. Furthermore, the film re- 
moving equipment 300 can be switched over to the fabri- 
cation of a new product simply by reprogramming the 
movement of the first erasing device 330 or the second 
erasing device 340. Unlike the dry etching process, there 
is no need to produce expensive mask. Moreover, the film 
removing equipment 300 can be used to process a sub- 
strate with a distribution of sizes when the transmission 
mechanism 320 of the erasing device and the positioning 
platform 350 are properly synchronized. 
[0046] Fig. 3 shows a front view and a side view of an erasing 
device according to one preferred embodiment of the 
present invention. The erasing device 400 comprises a 
tape supply module 410, a tape collect module 420 and 
an erasing head module 430. The erasing head module 
430 is set up between the tape supply module 410 and 
the tape collect module 420. The tape supply module 410 
provides an erasing tape 412 to the erasing head module 
430 and the tape collect module 420 receives used tape 



from the erasing head module 430. To facilitate opera- 
tion, the erasing device 400 may include an erasing head 
transmission mechanism 440 for mounting the erasing 
head module 430. Furthermore, the erasing tape 412 can 
be dust-proofing cloths or fabricated from a dust- 
proofing material, for example. The erasing tape 412 has 
a width between about 5 to 10mm, preferably 8mm. The 
tape supply module 410, the tape collect module 420, the 
erasing head module 430 are further described below. 

[0047] As shown in Fig. 3, the tape supply module 410 comprises 
a tape supply mechanism 414 and a first set of idle 
wheels 416. The tape supply mechanism 414 provides the 
erasing tape 412. The first set of idle wheels 416 is set up 
between the erasing head module 430 and the tape sup- 
ply mechanism 414. The tape collect module 420 com- 
prises a tape collect mechanism 422 and a second set of 
idle wheels 424. The tape collect mechanism 422 collects 
the erasing tape 412. The tape collect mechanism 422 
further comprises a driving motor 422a. The second set of 
idle wheels 424 is set up between the erasing head mod- 
ule 430 and the tape collect mechanism 422. 

[0048] If the erasing tape 412 requires some erasing liquid capa- 
ble of dissolving the film material to perform the erasing 



operation, the erasing device 400 will include an erasing 
liquid supply module 450 connected to the erasing head 
module 430. The erasing liquid supply module 450 fur- 
ther comprises an erasing liquid pump (not shown) for 
controlling the supply of the erasing liquid. In addition, an 
optical sensor 460 is also installed on the erasing device 
400 somewhere along the transmission pathway of the 
erasing tape 412 so that any break in the erasing tape 
412 is immediately detected. In general, the optical sensor 
460 comprises a laser sensor, an infrared sensor or other 
optical sensor, for example. 
[0049] In the aforementioned erasing device 400, a film layer on 
a substrate is removed by the abrasive action of running 
the erasing liquid soaked erasing tape 412 over the film 
layer. Since the erasing tape 412 carries away any dis- 
solved film material immediately, no residual material is 
retained to contaminate the substrate. Furthermore, using 
the tape supply module 410, tape collect module 420 and 
the erasing tape 412 assembly, the erasing device 400 
can operate continuously to remove film material from the 
substrate 200 until all clean erasing tape 412 have been 
used. In other words, there is no need to stop the erasing 
device 400 for a long period of time after loading a new 



reel of erasing tape 412. 

[0050] Figs. 4A tlirougli 4E are perspective views showing tlie 
steps for fabricating an organic electro-luminescent de- 
vice according to one preferred embodiment of the 
present invention. As shown in Fig. 4A, a substrate 200 
fabricated from glass or other transparent material is pro- 
vided. The substrate 200 also has a plurality of electrode 
leads 310 formed thereon. Thereafter, a first electrode 
layer 220 is formed over the substrate 200. The first elec- 
trode layer 220 and the electrode leads 210 are formed, 
for example, by sputtering indium tin oxide (ITO) over the 
substrate 200 and patterning the indium tin oxide layer. 

[0051] As shown in Fig. 4B, an organic material layer 230 is 

formed over the first electrode layer 220 and a portion of 
the substrate 200. The organic material layer 230 is 
formed, for example, by performing a spin-on coating 
process or an evaporation process. 

[0052] As shown in Fig. 4C, a portion of the organic material 

layer 230 is removed using an erasing liquid through wip- 
ing to form a patterned organic material layer 230. It 
should be noted that the process could be carried out in 
the non-vacuum environment. 

[0053] As shown in Fig. 4D, a second electrode layer 240 is 



formed over the patterned organic material layer 230. The 
second electrode layer 240 is formed, for example, by 
sputtering or depositing a metallic layer (not shown) and 
patterning the metallic layer to form a plurality of paral- 
lel-aligned strips. Terminals of each second electrode 
layer 240 are electrically connected to the electrode leads 
210. 

[0054] As shown in Fig. 4E, molding compound is encapsulated 
over the organic material layer 230 to form a molding 
body 250 over a portion of the second electrode layer 240 
and the organic material layer 230. The molding body 250 
prevents the incursion of oxygen and water molecules into 
the device to cause a drop in reliability. Finally, the sub- 
strate 200 is cut up to form a plurality of organic electro- 
luminescent device. 

[0055] In summary, the film removing equipment, the erasing 

device and the method of fabricating the organic electro- 
luminescent device according to the present invention has 
the following advantages. 

[0056] 1. Unlike a conventional dry etching process that requires 
the production of a new expensive mask for each new 
product, forming a new product with the film removing 
equipment only requires the reprogramming of the eras- 



ing device to follow a new pathway. 
[0057] 2. Through the transmission mechanism of the erasing 
device and the positioning platform, the film removing 
equipment can remove films from substrate with a range 
of sizes. 

[0058] 3. Since the erasing device on the film removing equip- 
ment removes films on a substrate through wiping, almost 
any type of film material can be removed. In particular, 
those materials that cannot be removed by a laser abla- 
tion process or a dry etching process can be removed us- 
ing the film removing equipment. 

[0059] 4. Unlike the laser ablation process or the dry etching 
process that demands a high vacuum or a specific 
gaseous environment, the film removing equipment of the 
present is able to operate in the non-vacuum environ- 
ment. Hence, overall equipment and maintenance cost is 
lower. 

[0060] 5. Jo increase the film removal rate and quality, an eras- 
ing liquid supply module can be incorporated with the 
erasing device to soak up the erasing tape so that films 
are remove through the abrasive action of the erasing liq- 
uid soaked erasing tape. Any dissolved film material is 
immediately carried away from the substrate by the eras- 



ing tape. 

[0061] 5, The erasing device deploys a tape supply/collect mod- 
ule and an erasing tape assembly. Hence, the erasing de- 
vice of the present invention can operate continuously to 
complete a number of erasing processes without stopping 
the film removing equipment. 

[0062] 7_ Unlike a laser ablation process or a dry etching process 
that can easily contaminate or damage the substrate, the 
method of fabricating the organic electro-luminescent 
device according to the present invention produces the 
least chemical contaminants and causes the least damage 
to the substrate. Moreover, the process of the present in- 
vention produces a stable and clean surface after the 
erasing operation. 

[0063] It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



